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Abstract 
Economic complexity can be defined as the composition of a country’s productive output and represents the structures that 
emerge to hold and combine knowledge. Concerning the product categories and their complexity, the most complex products 
consist of machinery, chemicals and metal products. The main exporters of the most complex products are developed countries. 
This means that the countries have high export competitiveness. Considering the share of high-tech exports, it is seemed that 
Turkey is below the level it should be. This causes relatively low index of economic complexity and low export competitiveness 
of Turkey. 
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1. Introduction 
Today, both developed and developing countries try to get biggest share of the pie by increasing their 
competitiveness in global trade. The key of having advantage on global competitiveness is to boost production and 
export of value-added goods.  Unquestionably, this can be yielded by giving more importance to research and 
development (R&D) on the process of manufacturing and exports, technological investments. There is an index 
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called Economic Complexity Index to analyse production and export structure of countries. Complexity represents 
the knowledge and technology level of a country from manufacturing to export. The countries having high-tech and 
diversifying in production can be found in the high rank in relation to the index. Naturally, these countries have 
advantage on export competitiveness too. Moreover, the countries that rely on agricultural output and export, and 
base on labour-intense production rank in low level of the index value. In the study which is aimed to expose the 
relationship between export competitiveness and economic complexity index, firstly it is focused on definition and 
calculation of export competitiveness and economic complexity index. In following part, it is concentrated on the 
products with high economic complexity and the countries exporting them. In addition, in this part, Turkey’s export 
competitiveness and complexity level of those products are analysed. In the last part of the study, the indicators of 
complexity index are foreseen by doing regression analyse on 110 countries. To what extent Logistic Performance 
Index and Global Competitiveness Index’ sub-merges (Business Sophistication, Higher Education and Training, 
Infrastructure, Innovation, Technological Readiness, Value Chain Breadth) pertain to 110 countries could determine 
economic complexity of the countries. 
2. Literature Review  
There is nothing to make a country competitive only because the country produces a huge amount of goods and 
services. What makes a country highly competitive is its ability to invest on research and development (R&D) to 
increase its economic complexity. In last decade, economic complexity of countries has become a crucial issue to 
take account as it helps to put a county in right grading in global order. When one use the term of economic 
complexity, there are more than one definition in different parallels like complexity in decision making, complexity 
of methodology of economics so on. In this context, however, economic complexity is used to determine production 
process of goods and services and their trade.   
 









Country              
(Top 10 and Turkey) 





Rank of Human 
Development 
Index, 2012) 
1 2,23517 Japan 18 4 16 
2 2,00625 Switzerland 5 23 3 
3 1,89482 Germany 21 3 6 
4 1,78978 Sweden 9 26 11 
5 1,73625 South Korea 3 7 16 
6 1,67932 Czech Republic 43 29 28 
7 1,64122 Finland 17 44 24 
8 1,63351 United Kingom 23 11 14 
9 1,63339 Austria 16 28 21 
10 1,61342 Singapore 10 14 12 
41 0,61774 Turkey 66 30 69 




In the Table 1, it is easily recognised that the high level of economic complexity is seen in developed countries 
generally. Forasmuch, these countries are in the top list in terms of GDP per capita, export revenues and Human 
Development Index in the world ranking. Furthermore, it is quite interesting to see those countries having the highest 
rank with very high development in human development index. 
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Turkey lags considerably behind of those countries in the complexity ranking (41). This demonstrates lack of 
scientific and value-added manufacturing and insufficiency in export which is result from inefficient production 
structure and the output level. Additionally, the low-level of economic complexity index of Turkey also shows the 
country addresses less various markets to exports. More importantly, Turkey, which is in low level in complexity 




Table 2. Top 10 products by complexity in the world (2012) 
Product Name SITC Rev2 Product Group 
PCI 
Value Top 3 Countries by Export Volume 
Blown Glass 6643 Labour-intensive  2,19614 JAP (%61), HKG (%17), USA (%6) 
Internal Combustion Engines 
for Boats 7133 
Hard to imitate 
science-based 2,05702 JAP (%32), KOR (%18), USA (%13) 
Miscellaneous Metalworking 
Machine-Tools 7367 
Hard to imitate 
science-based 1,99854 JAP (%40), GER (%19), ITL (%6) 
Miscellaneous Electrical 
Instruments 8748 
Hard to imitate 
science-based 1,78624 USA (%23), GER (%11), JAP (%14) 
Cellulose Acetates 5843 Easy to imitate science-based 1,72704 JAP (%64), USA (%18), MEX (%4) 
Optical Instruments 8710 Hard to imitate science-based 1,72553 CHN (%34), KOR (%29), JAP (%11) 
Analog Instruments for 
Physical Analysis 8744 
Hard to imitate 
science-based 1,7073 USA (%24), GER (%18), JAP (%13) 
Epoxide Resins 5826 Easy to imitate science-based 1,67738 GER (%15), USA (%13), JAP (%9) 
Miscellaneous Centrifuge and 
Filtering Mach. 7439 
Hard to imitate 
science-based 1,67472 GER (%19), USA (%17), CHN (%8) 
Interchangeable Tool Parts 6954 Labour-intensive  1,623 GER (%16), JAP (%12), USA (%10) 
                       Source: obtained by authors by using data from http://atlas.media.mit.edu/en/rankings/sitc/ and  http://comtrade.un.org 
 
 
In the Table 2, the top ten products of complexity index is showed in order according to 2012 data. Also, the three 
countries exporting those products more could be seen in the table as well. It is clear that the countries with high-
level complexity index lead the exports in the global trade. Especially, Japan, Germany and the USA have hegemony 
in global markets with respect to the most complex products. In the Table 2, once the top ten products showed 
accordingly to complexity level are examined in order to classify by technology, it is seen that 8 of them are science-
based (6- hard to imitate R&D based, 2 easy to imitate R&D based) and 2 are labour-intensive products. This means 
value-added, science-based products have high level of complexity.  
 
The least complex ten products are illustrated in the Table 3. Not surprisingly, the countries expertise in export of 
these products is majorly less developed or developing countries. These countries export mostly raw material with 
no added value. That leads these countries get low export revenue. Once examine the table in terms of technology 
intensive production, it is observed that 8 out of ten raw material intensive while 2 of them labour intensive, that is a 
significant indicator for low export revenue of these countries. The products with low complexity index are 
substantially raw material intensive and manufactured by less developed countries; that is to say, as usage of science 
and technology reduce in production process and creating less added value cause complexity index decrease. 
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Table 3. Bottom 10 products by complexity in the world (2012) 
Product Name SITC Rev2 Product Group 
PCI 
Value Bottom 3 Countries by Export Volume 
Raw Sheep Skin without 
Wool 2117 
Raw material-
intensive -2,63322 NZL (%45), IRA (%14), SAF (%13) 
Miscellaneous Vegetable 
Textile Fibres 2659 Labour-intensive -2,63322 SRL (%62), ECD (%37), PHL (%0,4) 
Raw Cotton 2631 Labour-intensive -2,69092 USA (%33), IND (%17), AUL (%14) 
Palm Nuts and Kernels 2232 Raw material-intensive -2,79018 INZ (%60), CSR (%29), PNG (%7) 
Natural Rubber 2320 Raw material-intensive -2,90169 THL (%30), INZ (%27), NGA (%18) 
Uranium and Thorium 2860 Raw material-intensive -3,05744 NGR (%39), NMB (%29), AUL (%23) 
Cocoa Beans 0721 Raw material-intensive -3,07003 CDI (%31), GHN (%26), NGA (%14) 
Sesame Seeds 2225 Raw material-intensive -3,08837 IND (%24), ETP (%23), NGA (%15) 
Tin 2876 Raw material-intensive -3,36705 AUL (%32), BOL (%15), BRM (%11) 
Crude Petroleum 3330 Raw material-intensive -3,46416 RUS (%15), SAB (%12), NGA (%8) 
                     Source: obtained by authors by using data from http://atlas.media.mit.edu/en/rankings/sitc/ and http://comtrade.un.org 
 
 
Economic complexity means more than it sounds for economies today. Once having a look at developed and 
rapidly developing countries of nowadays, it is easily seen that they are investing on R&D a lot to make their 
products more and more complex. Elaborating productions, proceeding much more complex goods instead of raw 
materials and basic goods bring a country to the certain place that competitiveness and earnings are at high level.  
 
Lopes, et. al. (2012) defines economic complexity as interdependence of parts of economic contributors. For 
them, complexity measuring could rely on works of classical methods of “Chenery and Watanabe (1958), 
Rasmussen (1956) and Hirschman (1958), more sophisticated methods such as the interrelatedness measure of Yan 
and Ames (1965), the cycling measure of Finn (1976) and Ulanovicz (1983), the dominant eigenvalue measure of 
Dietzenbacher (1992) and many others”. Moreover, economists taken complexity as interactions also inspired by 
biologist’s NK model which consider technological changes, innovations, study artificial systems, organizations, 
technological developments, industrial dynamics as a part of interrelated parts of economics (Valente, 2013). Even 
though economic complexity is a quite new term, it completes the missing part of explanation why some countries 
have more advantage in global trade than others while they are even not producing more in terms of quantity. 
Gullander et. al. (2011) describes a useful framework for different dimensions of complexity, namely, static, 
dynamic and objective complexity that include individual proficiency in the system. This framework is developed by 
others such as Fässberg, Harlin, Fasth, and Stahre in time (Mattsson, et. al., 2012). Among others Hidalgo and 
Haussmann is come into prominence as they assert complexity is everything for a country. Adam Smith claims, 
about two hundred and 40 years ago, the secret of nations’ wealth is labour division; but they insist it is all about to 
what extent a nation can produce sophisticate goods and how much succeed to make its economy complex. The term 
of economic complexity was firstly used in Hidalgo and Hausmann’s famous work The Building Blocks of Economic 
Complexity in 2009.  
 
Lego model is used to describe how a country find a way to grow that is building a Lego by a bucket of Lego 
pieces which represent necessary capabilities of countries. The more pieces, the more complex Lego just as a child 
has all necessary pieces, they can produce a great Lego model (Hidalgo & Hausmann, 2009). Each piece supports to 
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grow Lego model and shape it truly. When the county desire to take a place in global trade, complexity gives it an 
improbable opportunity to compete with others. When a country diversifies its goods and invests on R&D and 
developed science to improve their manufacturing, there is no obstacle in front of it to grow and develop. “More 
complex products will be less common because only the countries that have all the requisite knowledge will be able 
to make them. Products that require a little knowledge should be more ubiquitous and vice versa.” 
3. Methodology and data 
3.1. The measurement of economic complexity 
So, how the economic complexity is measured? To do the right calculation, data from world trade of number of 
countries used by atlas of economic complexity website (AtlasOfEconomicComplexity_Part_I.pdf) and diversity and 
ubiquity of each country is calculated according to these formulas: 
 
                                                                                                                                        (1) 
                                                                                                                                          (2) 
where,  is a matrix that composes of different countries and different products. From that the economic 
complexity index (ECI) could be calculated as: 
 
                                                                                                                                                      (3) 
 
where <  > is an average and stdev represents the standard deviation and  = Eigenvector of second largest 
eigenvalue. Having a glance at what have been studied on, in this humble work the notion is adopted that economic 
complexity, by all means, utters that   producing goods and services with additional value by using high-tech, 
innovation, investing on R&D and adopting changes by training human capital. Economic complexity represents 
high competitiveness with sophisticated and inimitable goods and services productions. 
3.2. The measurement of export competitiveness 
The index of revealed comparative advantage was first introduced by Liesner (1958) and operationalized by 
Balassa (1965) in order to measure international competitiveness (Balassa, 1965). The export index of revealed 
comparative advantage (RCA) has been defined as the ratio of a country’s exports in a particular commodity 
category to its share in total merchandise exports (Balassa & Noland, 1989): 
RCA = (Xij/Xj)/(Xiw/Xw) 
 
Where X stands for exports, i, j and w refer to industry (product category), country and world respectively (Erkan 
& Sarıçoban, 2014)  
 
The index neutralizes the effect of the size of a country’s economy or industry, thereby making it possible to 
make meaningful comparisons between countries and the international performance of different industries. The 
value of index varies between zero, indicating that a country has no exports in the industry being considered, and 
infinity, meaning that the industry is a major exporter relative to other industries of the economy. A branch with an 
RCA index of over one has a share in the world market share which exceeds the average share of the country in 
world exports. This means that it is relatively competitive, compared to the rest of its home economy. Such a branch 
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has therefore an international competitiveness, or in Balassa’s terminology, a revealed comparative advantage 
(Rivlin, 2000). A more detailed analysis, in order to demonstrate the power of international competitiveness, 
Balassa’s RCA index can be classified into four stages (Hinloopen, 2001): 
 
Classification 1 → 0 < RCA ≤ 1;   There is no competitiveness. 
Classification 2→ 1 < RCA ≤ 2;    There is a week competitiveness. 
Classification 3→ 2 < RCA ≤ 4;    There is moderate competitiveness.  
Classification 4→ 4 <RCA ;          There is a strong competitiveness. 
 
When we apply logarithms to the index and we have lnRCA > 0 then there is competitiveness; by contrast, when 
lnRCA < 0 there is competitiveness (Faustino, 2008).  
3.3. Turkey’s export competitiveness and economic complexity analysis 
3.3.1. Turkey’s export competitiveness  
 
In the study, firstly, it is aimed to find out Turkey’s export competitiveness in the science-based goods. So, 
between 1993 and 2013, Turkey’s level of export specialization and competition on the basis of factor intensity 
(science-based goods) in the international markets are calculated. The Balassa’s revealed comparative advantage 
(RCA) index of Turkey is calculated on SITC technology classification.   
     
According to this, science-based goods are examined in two ways: “Easy to imitate science-based goods” and 
“Hard to imitate science-based goods” (Hufbauer & Chilas, 1974). The Balassa’s revealed comparative advantage 
(RCA) index of Turkey on these products are shown below. RCA scores between 1993 and 2013 are shown in Table 
4. In order to reveal the deviation from the mean and analyze in more detail to the export competitiveness, the 
coefficients of variation† (CV) of Balassa’s RCA are calculated. 
 
RCA scores of two periods (1993-2002 and 2003-2013) were compared in the table. At the same time, for the 
years 1993-2013, appropriate average‡ is calculated instead of arithmetic mean.   
 
Table 4. RCA indices of Turkey by science-based goods (1993-2013) 
Product Group Mean          (1993-2002) 





Variation Comparative Degree 
Easy to imitate science-based 
goods 0,29 0,33 0,31 16,11 Disadvantage 
Hard to imitate science-based 
goods 0,36 0,60 0,49 29,66 Disadvantage 




† In the modeling setting, the CV is calculated as the ratio of the root mean squared error (RMSE) to the mean of the dependent variable. In both 
settings, the CV is often presented as the given ratio multiplied by 100. The CV for a single variable aims to describe the dispersion of the 
variable in a way that does not depend on the variable's measurement unit. The higher the CV, the greater the dispersion in the variable. The CV 
for a model aims to describe the model fit in terms of the relative sizes of the squared residuals and outcome values. The lower the CV, the 
smaller the residuals relative to the predicted value. This is suggestive of a good model fit. 
http://www.ats.ucla.edu/stat/mult_pkg/faq/general/coefficient_of_variation.htm  
‡ The revealed comparative advantage between countries is calculated by based on “appropriate average”. Appropriate average can be defined as 
a arithmetic average of the data set after eliminating the lowest and highest values. (Available at: 
http://www.statistics.com/resources/glossary/t/trimmean.php) [22.04.2009]. In case of arithmetic average used in the calculation, there would be 
too high or low results in exports of some sectors (indirectly calculated revealed comparative advantages coefficiets), therefore, appropriate 
average is chosen to use instead. 
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Turkey is not competitive in the easy and hard to imitate science-based goods according to the value of 
appropriate average. Turkey’s export competitiveness in the easy to imitate science-based goods is relatively weak 
and not promising. Turkey has also competitive disadvantage in the export of hard to imitate science-based goods 
despite improvements in recent years. When the coefficient of variation (CV) related to the easy to imitate science-
based goods is analysed, it is observed that the volatilities of RCA indices of Turkey are quite stable. 
3.3.2. Relationship between Turkey’s export competitiveness and economic complexity index 
 
These two graph indicate export competitiveness index (RCA, Balassa Index) and economic complexity index of 
Turkey’s R&D based materials (hard to imitate and easy to imitate). 
 
 
Fig. 1. Turkey’s competitiveness in the export of science-based goods and economic complexity index (1993-2012,2013) 
 
 
According to these two graph, it is revealed that competitiveness increase especially in 2000s R&D based 
products exports (specifically for easy to imitate science-based goods). In years, there is an incredible rise in 
country’s complexity index. It can concluded that there are increase in R&D investments, more use of scientific 
methods in export and production, and creating more value-added production, which result in increase in complexity 
index.  
 
                                     Table 5. RCA indices of Turkey in the top 10 products by complexity (1993-2013) 
Product 
Group 
Mean        
(1993-2002) 





Variation Comparative Degree 
6643 5,51 0,75 2,80 97,09 Moderately advantage 
7133 0,08 0,09 0,08 68,65 Disadvantage 
7367 1,47 0,27 0,20 344,59 Disadvantage 
8748 0,04 0,08 0,06 61,27 Disadvantage 
5843 0,01 0,00 0,01 98,05 Disadvantage 
8710 0,05 0,02 0,03 86,43 Disadvantage 
8744 0,02 0,04 0,03 58,09 Disadvantage 
5826 0,28 0,35 0,32 34,93 Disadvantage 
7439 0,22 0,37 0,29 34,74 Disadvantage 
6954 0,26 0,22 0,22 68,18 Disadvantage 
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                                     Source: obtained by authors by using data from http://comtrade.un.org 
 
Table 5 shows global competitiveness (revealed comparative advantage -RCA- index, Balassa Index) of Turkey 
in the export of top ten products of complexity index between the years of 1993 and 2013. When take the appropriate 
average of data, Turkey has export disadvantage in 9 products out of 10 since RCA index of these 9 is less than 1. 
Moreover, these 9 products’ RCA indexes are very close to zero means competitiveness is quite in a low level. 
 
Whilst Turkey has competitiveness advantage on SITC Rev2 7367 coded Miscellaneous Metalworking Machine-
Tools export during 1993 to 2002, it lost the advantage later on. High coefficient of variation approves striking 
changes in export competitiveness of country.  Turkey has competitiveness advantage only on SITC Rev2 6643 
coded Blown Glass export as Balassa index of its export appropriate average value is 2,80. However, while Turkey 
has high advantage (RCAmean=5,51) on the good’s export between 1993 to 2002, it turns to opposite between 2003 
and 2013 (RCAmean=0,75). 
 
It is a paradox that Turkey, as a developing country, has no competitiveness advantage on complexity index-high 
products in global markets because high-complexity index is a indicator of value-added manufacturing and exports 
within developed economy. As it is mentioned before, having a high economic complexity index is generally a 
feature of developed countries naturally. 
 
                                       Table 6. RCA indices of Turkey in the bottom 10 products by complexity (1993-2013) 
Product 
Group 
Mean               
(1993-2002) 





Variation Comparative Degree 
0721 0,01 0,03 0,02 147,41 Disadvantage 
2117 1,92 1,38 1,53 88,97 Weakly advantage 
2225 2,21 0,84 1,46 56,12 Weakly advantage 
2232 0,34 0,00 0,04 349,62 Disadvantage 
2320 0,01 10,84 0,02 445,99 Disadvantage 
2631 2,58 1,11 1,50 103,72 Weakly advantage 
2659 0,04 0,00 0,01 289,72 Disadvantage 
2860 0,00 0,00 0,00 430,31 Disadvantage 
2876 0,01 0,03 0,02 167,33 Disadvantage 
3330 0,00 0,00 0,00 120,68 Disadvantage 
                                       Source: obtained by authors by using data from http://comtrade.un.org 
 
 
Table 6 shows global competitiveness (revealed comparative advantage -RCA- index, Balassa Index) of Turkey 
in the export of bottom ten products of complexity index between the years of 1993 and 2013. When take the 
appropriate average of data, Turkey has export disadvantage in 7 products out of 10. For rest three it has weak 
competitiveness. Nevertheless, Turkey is better in export competitiveness of least ten than that of top ten. When 
make a comparison between coefficient of variation of RCA values of top ten’s complexity level to that of bottom 
ten, it is revealed that complexity level of export of the bottom ten is much more unstable (coefficient of variation is 
quite high). 
3.4. Result of the empirical analysis 
In the model, regression (least squares method, cross sectional analysis) was performed for 110 countries to 
estimate the relation between the variables. For this purpose, we used one dependent variable (Economic Complexity 
Index) and seven independent variable (Business Sophistication, Higher Education and Training, Infrastructure, 
Innovation, Logistics Performance Index, Technological Readiness, Value Chain Breadth). Data belonging to the 
year 2012 was taken from the Global Competitiveness Report 2012-2013 (World Economic Forum, 2012, 13-20), 
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the Logistics Performance Index 2012 (World Bank, 2012, 10) and the Economic Complexity Index 2012 
(https://atlas.media.mit.edu/tr/).The regression analysis indicates that a strong relationship between the dependent 
variable and the chosen independent variables (R-squared= 0,81). At the same time, there is a significant connection 
among Economic Complexity Index which is the dependent variable and Business Sophistication, Higher Education 
and Training, Infrastructure, Logistics Performance Index and Value Chain Breadth.  
 
In particular, Economic Complexity Index is very much affected by Logistics Performance Index. As seen in the 
Table 7, LPI value is 0,99. It means that products exported by the countries with a high Logistics Performance are 
more complex. When countries increase their investment on logistics research and give more importance to their 
logistics, product and market diversification in export will also increase. Indeed, in the face of the increase in 
logistics performance of a country, countries will appeal to a wider market with high value-added products. 
Moreover, as logistics supports the movement and flow of many economic transactions, all export-related economic 
activities throughout the supply chain will be influenced in a positive way by these effects (Erkan, 2014). Economic 
Complexity Index is also greatly affected by Value Chain Breadth (VCB value is 0,56) and Higher Education and 
Training (HET value is 0,52). These also indicate that value chain should be expanded to produce more complex 
goods. At the same time, the quality of higher education must be increased by making more investment higher 
education.    
 
                                     Table 7. Results of the model 
Dependent Variable: Economic Complexity Index (ECI)     
Method: Least Squares     
Sample: 1 110       
Included observations: 110     
Variable Coefficient Std. Error t-Statistic Prob.   
Business Sophistication (BS) -0,497892 0,24924 -1,99763 0,0484 
Higher Education and Training (HET) 0,52572 0,09222 5,700955 0 
Infrastructure (INFRA) -0,473368 0,21391 -2,212963 0,0291 
Inovation (INV) -0,119397 0,14373 -0,83073 0,4081 
Logistics Performance Index (LPI) 0,998335 0,25722 3,881321 0,0002 
Technological Readiness (TRE) 0,097709 0,09328 1,047462 0,2974 
Value Chain Breadth (VCB) 0,565477 0,14988 3,772775 0,0003 
C -3,753244 0,3236 -11,59852 0 
R-squared 0,816941     Mean dependent var 0,259379 
Adjusted R-squared 0,804379     S.D. dependent var 0,932283 
S.E. of regression 0,41234     Akaike info criterion 1,136012 
Sum squared resid 17,34251     Schwarz criterion 1,33241 
Log likelihood -54,48064     Hannan-Quinn criter. 1,215672 
F-statistic 65,02841     Durbin-Watson stat 1,868116 
Prob(F-statistic) 0       
                                     Source: own calculation. 
4. Conclusion 
Turkey is a labour intensive country in its production and export. This situation pave a way to the country neither 
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create a value-added products nor export technological and science-based goods. Naturally, it has not become an 
economic power in global markets. Once products complexity index is examined, it is obtained that the most 
complex goods consist of having manufacturing process under R&D and science-based works and technology 
intensive. As reducing complexity level, production process becomes easier and much more basic and raw materials 
intensive goods increase in manufacturing. Being a power in export of these products worldwide is frankly not going 
to help neither the growth of country’s GDP nor make the country more developed. In this context, Turkey has to 
find more markets with more production in value-added goods, science-based manufacturing instead of exporting its 
goods as raw materials that supports Turkey to increase its economic complexity index. Therefore, Turkey can get 
bigger share from the global markets and getting bigger power. Lastly, findings of econometric studies have done as 
a part of this paper shows economic complexity index is specifically affected by changes in logistic performance 
index. That is why, countries must give more importance to and invest more on logistic sector to come to the certain 
level in economic complexity index. In addition to quantitive and qualitative development in logistic sector, increase 
the quality of higher education, create a value chain to rise value-added goods production in firms would also bring 
advantage of competitiveness. Thus, firms could reach various markets with different and R&D based goods. 
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